Background: studies on the relationship between children's malocclusion and its psycho-social impacts are so far largely unexplored in low-income countries. This study aimed to assess the prevalence of malocclusion, reported dental problems and dissatisfaction with dental appearance among primary school children in Tanzania. The relationship of dissatisfaction with sociodemographic characteristics, clinically defined malocclusion and psychosocial impacts of dental anomalies was investigated. Orthodontic treatment need was estimated using an integrated sociodental approach.
Background
It is generally accepted that the main benefit of orthodontic treatment relates to improvements in oral function and oro-facial aesthetics and thus to improved oral health related quality of life [1] [2] [3] . A recent review on the impact of malocclusion on quality of life based on studies from industrialized countries concluded that patients are motivated to seek orthodontic care due to the physical, psychological and social effects of malocclusion [3, 4] . Thus, information regarding the psycho social impacts of malocclusion is important in providing understanding of the demand for orthodontic treatment beyond clinical indicators [3, 4] . Valid and reliable oral health related quality of life instruments for use among children are emerging and have the potential to provide information about the subjectively experienced consequences of oral diseases including malocclusion, the effect of malocclusion if left untreated and to facilitate appropriate treatment need assessment for dental service planning [3, [5] [6] [7] [8] .
However, values attributed to dental esthetics and functioning vary according to social and cultural contexts and studies regarding the relationship between malocclusion and its psycho social impacts is so far largely unexplored in low income countries [9] [10] [11] [12] [13] [14] . Recent studies of Nigerian adolescents suggest that consciousness of malocclusion does not agree with the objectively determined orthodontic treatment need [15] [16] [17] . In Tanzania, studies investigating the functional and behavioral consequences of malocclusion in children are either non-existent or very few [9, 18] . This is noteworthy as normatively assessed orthodontic treatment needs based on clinical indicators alone are commonly found to vary according to age, to be high (60-90%) and thus are unlikely to be met due to the high costs of treatment that goes beyond the financial capabilities of this country [19, 20] . Three quarters of the low-income countries lack sufficient human and financial resources to provide an essential health care package for their children [21] .
Considering the impracticality and inappropriateness of a normative approach to the assessment of children's need for orthodontic treatment, Gherunpong et al [11] developed a new theoretical framework and model for estimating orthodontic treatment need in children. In their model they integrated clinical measures of orthodontic anomalies with children's feeling of impacts related to appearance and function as well as with measures of their oral health related behaviors. This socio-dental system for need assessment includes three levels. The first level refers to standard normative need assessment and is based solely on professionally judged malocclusions that normally require orthodontic treatments. The second level refers to impact related need assessment and relies on the integration of normative need with OHRQoL. Children who have both normative needs and their oral quality of life impaired by malocclusion are considered to have impact related need for orthodontic treatment. Propensity related need assessment (level three) is calculated by integrating normative need assessment with impacts on OHRQoL and children's behavioral propensity in terms of appropriate oral hygiene and dental attendance patterns, thus taking into account the effectiveness and appropriateness of suggested treatments in the decision making process. Following this socio-dental approach, Gherunpong et al [10] [11] [12] reported that relying on normative methods (i.e. clinical diagnosis) alone without integrating the psychosocial dimensions of oral health, seriously overestimated need for orthodontic treatment in 11-12 year old Thais. Compared to a normative approach to need assessment, the socio-dental approach provided a reduction of 70% in the volume of estimated treatment need [10] [11] [12] . Accordingly, a normative measure of orthodontic treatment need estimated by converting clinical measures alone is expected to be too high to be met in a Tanzanian context where the government's oral health care budget is inadequate to meet the increasing oral health needs of the population [21] .
The present study aims to assess the prevalence and correlates of perceived orthodontic conditions and dissatisfaction with dental appearance/dental function in Tanzanian schoolchildren that are without any history of orthodontic treatment. The conceptual model of Gilbert et al [22] (Fig 1) classifying oral health outcomes into four main levels was applied to organize the independent variables and to guide the analyses. These four levels were as follows; 1) oral disease and tissue damage referring to disorder at the organic level such as active disease or tissue loss, 2) oral pain/discomfort denoting the immediate consequences of disease in terms of physical dysfunction such as the inability to speak, swallow and chew food adequately, 3) oral disadvantage referring to the psychosocial and behavioral consequences of oral diseases, such as difficulties performing daily activities and 4) overall satisfaction with dental health. The final concept of satisfaction with dental health is subjects' expressed overall evaluation, incorporating expectations, values and social and cultural background. Following this model, it was hypothesized that reported problems in terms of pain, swallowing, teeth position and spaces of teeth and reported oral impacts on daily performances would increase with increased prevalence of malocclusion. Secondly, it was hypothesized that dissatisfaction with dental appearance/function would increase with increased prevalence of malocclusion, increased frequency of reported problems related to teeth and increased oral impacts on daily performances. Considering that feelings regarding teeth appearance and function are central for need assessment and thus for the planning and implementation of oral health care services in Tanzania, orthodontic treatment need was estimated using a modified integrated socio-dental approach [11] .
Methods
A cross-sectional survey was conducted in Dar Es Salaam, the commercial capital and major sea port of Tanzania The study population comprised of children attending standard 7 in public primary schools. A stratified proportionate two-stage cluster sampling design with public primary schools as the primary sampling unit was utilized.
To obtain a sample of schoolchildren of mixed socio-economic background, schools were selected at random from urban and rural areas in Kinondoni and Temeke districts. Overall, 43 rural-(N = 4,809 standard 7 pupils) and 78 urban primary schools (N = 14.725 standard 7 pupils) were listed in Kinondoni. The corresponding number of schools in Temeke were 22 rural (N = 1707 standard 7 pupils) and 77 urban (N = 14103 standard 7 pupils) schools. A sample size of 1200 school children aged 12-14 yr was calculated to be satisfactory for two sided tests, assuming the prevalence of oral impacts to be 0.40 and 0.50 in children with and without orthodontic anomaly, a significance level of 5%, power of 90% and a design factor of 2 [24] . At the first stage, 4 rural (4/43 n = 755 standard 7 pupils) and 6 urban (6/78, n = 1157 standard 7 pupils) schools in Kinondoni and 1 rural (1/22 n = 184 standard 7 pupils) and 5 urban (5/77, n = 949 standard 7 pupils) schools in Temeke were selected by systematic random sampling using a unified sampling fraction. From a total of 3045 standard 7 pupils available in the selected schools, about 100 students in each selected school (i.e. 1601 students constituting 52.6% of all standard 7 students in the selected schools) and fulfilling the inclusion criteria of being in the defined age range of 12-14 yrs were randomly selected from the accessible classes. Only consenting subjects were included in the study and none of the students invited for participation were ill, had a history of psychiatric problems or were disabled. Ethical clearance was obtained from all relevant persons, authorities and committees in Tanzania. These included written permission and clearance for the study from the Research and Publication Committee of the Muhimbili University College of Health Sciences (MUCHS). Permission to work with school children was obtained from Kinondoni and Temeke municipalities, their respective educational authorities, schools administrations, parents and children. A structured interview schedule was constructed in English and translated into Swahili by two trained research assistants. Oral health professionals reviewed the interview schedule for semantic, experiential and conceptual equivalence. Sensitivity to culture and selection of appropriate words were considered. The interview schedule was piloted before administration [9] . The model of Gilbert and coworkers [22] linking oral diseases with their functional and behavioral outcomes was applied to identify which factors to consider as determinants of dissatisfaction with dental appearance/function, and to help structure the multivariate regression analysis. The interview schedule in Swahili contained three of the four key concepts derived from this model. Oral pain and discomfort, the second level in Gilbert's model [22] , was assessed by asking subjects, whether or not they had experienced problems with pain, tooth position and tooth spaces during the previous 3 months. Response categories were given as (0) no and (1) yes. Problems with swallowing was registered in clinical examination as present = 1 and absent = 0. Oral disadvantage, referring to the third level of Gilbert's model [22] , was measured broadly using the eight item Child-OIDP, inventory (e.g. During the previous 3 months -how often have problems with your teeth and mouth caused you any difficulty with; eating, speaking, cleaning teeth, smiling, sleeping, emotional balance, study and social contact). For purpose of cross tabulation and logistic regression analysis the OIDPscore (0-8) was dichotomized as 0/1+, producing the categories (0) "no daily performance affected" and (1) "at least one daily performance affected". The scoring method, reliability and validity of the Kiswahili version of the Child-OIDP inventory have been described in detail in a previous paper [9] . Reported state of teeth was assessed using the categories (1) very good (2) good (3) bad (4) very bad and dichotomized into (0) good (original categories 1,2) and (1) bad (original categories 3,4). Satisfaction with teeth appearance/function was coded on 4-point Likert-scales and recoded further into dummy variables in terms of (0) satisfied and (1) dissatisfied. Overall satisfaction with teeth appearance/functioning was constructed as a sum variable from the 2 variables and dichotomized for use in cross tabulation and logistic regression analysis. Sociodemographics were assessed in terms of place of residence (urban/rural), district (Kinondoni/Temeke), gender, age and parental education. A group variable on parental education was constructed from two dummy variables (0/1) on father's and mother's highest level of education. The independent and dependent variables and the number of subjects according to categories are summarized in Table  1 .
One trained and calibrated dentist (MM) conducted all clinical examinations in classroom setting with natural daylight as the source of illumination and with an assistant recording the observations. Participants identified with problems that needed treatment were referred or advised to seek treatment at the two municipal hospitals of Kinondoni and Temeke districts and oral health education sessions were provided. Occlusion was registered according to Björk et al., [25] , with some modifications by Al-Emran et al., [26] . Caries experience was assessed in accordance with the criteria by the World health Organization [27] . Oral hygiene was assessed using the simplified-Oral Hygiene Index (OHI-S) [28] . 
Statistical analyses
Data were analyzed using SPSS version 14.0. Test-retest reliability for the clinical parameters and the questionnaire variables was assessed using Cohen's weighted kappa statistics with an independent sample of 71 12-14-year-olds and a time interval of 3 weeks. Internal consistency reliability was assessed in the main sample using Cronbach's alpha. Cross-tabulation, Chi-square statistics, Mc Nemar's statistics and multiple logistic regression analyses were used for bivariate-and multivariate analyses, respectively. To adjust for the effect of the cluster design, data were reanalysed using STATA 9.0 with survey command. P-value for statistical significance was set at 0.05. 
Results

Sample profile
Prevalence and correlates of self-reported problems with teeth
The prevalence of malocclusions varied from 22.5% (midline shift) to 0.9% (deep bite). Prevalence of mandibular overjet and crowding were statistically significantly higher in children who were dissatisfied with dental appearance and function than in their counterparts who were satisfied. A total of 63.8% had at least one type of anomaly (i.e. scored above zero on the SMO score) and the prevalence was higher in dissatisfied-than in satisfied children (71.6% versus 62.5%, p < 0.001). Moderate proportions of the children investigated confirmed problems with pain (20.7%), teeth position (11.7%) and problems with spaces (7.7%). Moreover, a total of 7.5% of the children were observed with swallowing problems, whereas 28.6% had at least one oral impact (OIDP > 0) (not in table). After controlling for possible confounding effects of socio-demographic factors, the odds ratios for confirming problems with teeth position, spaces, pain and swallowing were respectively 6.7, 3.9 and 1.4, and 6.8 if having any occlusion anomaly (SMO > 0) compared to being without such anomaly ( Table 4 depicts unadjusted and adjusted OR from binary and multiple logistic regression analysis of children being dissatisfied with their dental appearance/function according to socio-demographic-, clinically assessed malocclusion, reported dental problems and oral disadvantage variables. Age, gender, district, place of residence and parental education were entered into step one providing a Nagelkerke's R 2 of 0.016 (Model Chi square: 9.133, df = 7, p = 0.243). Entering the SMO index in step two raised the Nagelkerke's R 2 to 0.026 (Model Chi square: 14,546, df = 8, p = 0.069). Entering four variables of reported dental problems in step three and the OIDP score and self rated health in step four raised the Nagelkerke's R 2 to 0.095 (Model Chi square Table 4 : Unadjusted and adjusted odds ratio (OR) and 95% confidence interval (CI) of being dissatisfied with dental appearance and function according to socio-demographics (step 1), clinically assessed criteria of malocclusion, SMO (step 11) and subject-rated oral health (step III)
Variables Unadjusted OR (95% CI) Adjusted step I OR (95% CI
Step Although the SMO index discriminated statistically significantly between satisfied and dissatisfied children at the bivariate level, the clinical variable did not maintain its statistically significant effect in the final regression model.
Normative-, impact-, and propensity related need for orthodontic treatment A total of 63.8 % (865/1601) children fulfilled the criteria for professionally judged normative treatment need in terms of having at least one diagnosed malocclusion (i.e. SMO > 0). In turn, a total of 18.9% (303/1601) children fulfilled the criteria of impact related treatment need, i.e. having normative treatment need and also reporting impacts on daily performances related to malocclusion. Finally, a total of 12% (8.4% in Kinondon and 18.1% in Temeke) (192/1601) had propensity related need, i.e. having impact related need and good behavioral propensity in terms of satisfactory oral hygiene scores. Thus, they should be treated as initially planned. For those children who fulfilled the criteria for impact related need but did not have high propensity (6.9% or 111/1601), oral health promotion should be offered and orthodontic treatment delayed until their oral hygiene improves in terms of maintenance of adequate oral hygiene scores. Mc Nemar test revealed statistically significant differences between the normative need estimate on the one hand side and the impact-and propensity related need estimates on the other (p < 0.001).
Discussion
This is one of the first studies to systematically investigate the psycho-social impacts of malocclusion and orthodontic socio-dental needs among children in a sub-Saharan African country. A comparison of the sex-and parental education characteristics of the Kinondoni and Temeke study participants with the corresponding data for the target populations indicated that the study sample was broadly representative of the populations of school going children 12-14 yr in those districts. In spite that the prevalence of overall malocclusion was relatively high (63.8%), only a minority reported dissatisfaction with dental appearance/function (23.3%), confirmed dental problems-(7.5%-21%) and had oral impacts on daily performances (overall prevalence 29%) (not in table). As shown in Table 2 and 3, all self-reported dental problems were positively and statistically significantly associated with the measure of normative orthodontic treatment need after controlling for socio-demographic factors (p < 0.001). Thus, the risk of reporting problems if having any malocclusion (SMO > 0) varied from OR 1.4 with respect to dental pain to OR = 6.8 regarding problems with swallowing (Table 3 ). In accordance with previous studies considering the psycho-social impacts of children's orthodontic status, the present results suggest that malocclusion associates with perceived orthodontic status, dental symptoms and the oral health domain of appearance/ functional limitations in Tanzanian children [29] [30] [31] . Whereas malocclusion does not cause dental pain directly, it has been suggested that it gives rise to pain indirectly by causing temporo-mandibular disorder (TMD) and dental-, gingival-and mucosal trauma [4] . In the present study, malocclusion was related to swallowing problems. Such problems might affect food choices and finally deteriorate children's nutritional status. A review of eight studies revealed that, malocclusion was positively associated with diet and malnutrition [32] .
Notably, large proportions of children with a normative treatment need did not confirm any psycho-social impact.
For example 83% and 94% of children with SMO > 0 did not report problems with teeth positions and swallowing, respectively. This supports previous studies showing that children and adolescents are less concerned with their malocclusion than professionals and have lower threshold to detect malocclusion traits [33] . In evaluating a questionnaire to measure oral quality of life in 11-14 year old children, Jokovic et al [5] found the mean child perception questionnaire score (CPQ) to be comparably low in children with malocclusion. Most studies have shown that using clinical criteria for the estimation of diagnosis of malocclusion overestimates the problem when compared with individuals' perception [10] [11] [12] . However, the results of a Brazilian study focusing 10 to 14-year-olds came to a different conclusion, in that 87% of the children perceived a need for orthodontic treatment, whereas the normative treatment need was only 52% [13] . Whilst there may be less direct impact on quality of life indicators from malocclusion among children, by early adulthood young people will probably think differently about the impact on their dental appearance and function.
Malocclusion when used in combination with perceived dental problems and other psycho-social impact scores explained significantly more of children's concern about their dental appearance/function than did the clinical measure of occlusal status alone. The results from multivariate logistic regression analysis support Gilbert's [22] model in that dissatisfaction scores were influenced, statistically significantly but differently by at least one variable from each oral health outcome domain. Reported problem with teeth position was the strongest predictor (OR = 4.3), followed in descending order by self-rated health status (OR = 2.7) and OIDP scores (OR = 2.2) (Table 4 ). In the bivariate model, but not in the final multiple regression analysis, children with SMO > 0 had a higher probability than their counterparts without to be dissatisfied with dental appearance/function. Consistent with previous studies, the present one indicated that crowding and mandibular overjet were the conditions of most concern to Tanzanian children [15, 18, [29] [30] [31] [32] [33] [34] . As shown in Table 2 and 3, the overall malocclusion scores showed positive associations with perceived orthodontic status and symptoms after controlling for socio-demographic factors, indicating that in the final analysis (Table  4 ) these variables have mediated the effect of malocclusion upon dissatisfaction scores. Temeke children were more likely than their Kinondoni counterparts to confirm problems with teeth position, with pain and swallowing and to report oral impacts. Nevertheless, less affluent children from Temeke and children having parents with higher education were, irrespective of diagnosed malocclusion and its psycho-social impacts, less likely than their counterparts in the opposite groups to confirm dissatisfaction. This suggests that children's concern about their dental appearance is influenced by the social and cultural context in which they live. It is evident for instance that spacing is disliked in white cultures but considered a sign of beauty in many African cultures [15, 18] . Locker reported on socio-economic disparities in children's oral quality of life, with children from low income households having the poorest oral health related quality of life [35] .
Children's feelings concerning their dental appearance and function corresponds to broader concepts of oral health and are thus central to the assessment of orthodontic treatment need [3] . Consistent with what has been reported among Tanzanian adults with respect to needs for prosthodontic treatment, children's estimated normative orthodontic treatment need decreased markedly when a socio-dental approach was used [36] . Among the children with a normative need defined as any type of dental irregularity, SMO > 0, (63.8%), only 18.9% had an impact related need and 12% had high propensity related need, indicating that about one fifth of those with any malocclusion would actually demand some kind of orthodontic care. A minority of the children had low propensity (6.9%) and should initially be offered an alternative intervention with oral health education. The estimated normative need by far exceeded a more realistic estimate based on a modified version of an integrative socio-dental approach. This result corroborates those of a previous study using the same socio-dental approach to estimate orthodontic treatment need among Thai children in that normative need for orthodontic care was found to be much higher (35%) than the medium to high propensity related need (18.9%) [10] [11] [12] . High amounts of children's normative treatment need have also been reported from other countries, ranging from 38% among primary school children in Turkey to 57% and 30% in respectively 9 year old-and 12 year old children from UK, for review see [37, 38] . Caution should be made when comparing the estimates of normative need made in this study with those in other studies using the IOTN index for need assessment. Some caution should also be taken when evaluating the results from the present study since the overall-and not a malocclusion specific OIDP score attributing oral impacts to malocclusion, was used in the analyses. However, the overall oral disease burden among the Tanzanian children investigated was not high [9] . Thus, it is less likely that other oral conditions commonly found in children have contributed much into the overall OIDP scores. Finally only one of two behaviors (i.e. oral hygiene but not dental attendance) was utilized to assess propensity related need. As there is no dental health care service offered on a regular basis to children in Tanzania, behaviors related to compliance with dental appointments were not considered appropriate for use in the present study.
Conclusion
In conclusion, contrary to the prevalence of malocclusion, reported psycho social impacts and dissatisfaction with appearance/function was not very frequent among Tanzanian primary schoolchildren. Subjects with malocclusion reported problems most frequently and malocclusion together with other psycho-social impact scores determined children's overall evaluation of their dental appearance and function. Finally, a marked difference was found between the standard normative-and socio-dental need assessment approaches with socio-dental needs being five times lower than the standard normative need assessment.
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